Introduction
In mechanical wood industry high productivity demands have led to a growing interest of automatic inspection systems. Increasing the capacity of production lines and in the same time preserving or increasing the quality level of the product requires highly automated and reliable measuring systems.
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In this paper a machine vision based system for automatic wood surface inspection is presented. Special emphasis in the system is in possibility for automatic learning of the required quality classes in the production site environment. The system is based on very generic features, that are not tailored for the target classes, and class prototypes provided by domain experts for de ning the desired product classes. The current two installations of the inspection system are designed for plywood production plants, with one system in plywood grading and sorting line and another in a plywood patching line controlling the patching robot.
Background on wood quality inspection
The quality of wood surface depends of the properties of the wood material and the type and distribution of di erent defects on the surface. The usability and price of boards or sheets of veneer depend largely on the quality of the surface, so that the accuracy of the inspection of the products is a key issue for sawmills. In principle, the inspection and quality classi cation of wood surface is a straightforward process in which the grade of a veneer sheet or a board is determined based on the quality standards or special rules given by the manufacturer. The quality class of inspected object depends on its defects and their distribution. High competition in the sawmill industry requires to increase the speed of the production lines and at the same time to preserve or increase the quality of the nal products. Thus the potential in automated grading is very high provided that the grading accuracy is su cient with respect to the current standards. Currently the grading of the products in sawmills is mainly done by human observers. For checking the dimensions of the products automated measuring systems are widely used. The grading, however, requires recognition of the individual surface defects, that are de ned according to their biological origin or cause. The defect classes, such as split, wane, decayed knot, encased knot or sound knot, have signi cant variation in appearance, which make it di cult to de ne the classes for an automatic grading system. Some examples of defect classes are shown in the gures 1. and 2. The images in Fig.1 . are taken in laboratory environment ( 4] ) for testing of the recognition systems, while the images in Fig.2 . are from the installed production line system. Note that the illumination from both sides in Fig.2 improves considerably the separation of e.g. decayed knots.
Sound Decayed Dry Encased Leaf Horn Edge knot knot knot knot knot knot knot 
Feature Selection
In machine vision based classi cation of the wood defects the main problem is in feature selection. Geometrical features, such as size of the defect, average gray level, size of the minimum square enclosing the defect, elongatedness, diameter, compactness and the position of the defect on the board have been used for classi cation 1]. However, information based on the shape of the contour of the defect is not su cient for separating all the knot classes, since the structures of both the inside area of the knot and the edge between the knot and the sound wood are also important. Geometrical features also require accurate segmentation of the defects, which is rather di cult task for some defect classes.
In 6], 5] and 7] a generic feature construction principle for pattern recognition is studied. With successive processing blocks several invariances are brought into the recognition, such as distortion tolerance and translation and scale invariance. The basic principle in the proposed feature construction is to have a large set of primitive basic features that contain most of the information from the images, and then an unsupervised (self-organizing) neural network where the nal classi cation features are combined from the basic features. Finally the classi er is trained with labeled samples on top of the self-organized features.
The basic features used in the system are 2D Gabor lters (see e.g. 3]), that are orientation and frequency sensitive band pass lters which are optimally localized in both spatial and frequency domains 2], making them suitable for extracting the orientation-dependent frequency contents, i.e., edge-like features, from as small an area as possible. In Fig.3 The features built by the system in Fig.3 are related to the distribution of details in di erent scales and orientations around each inspected pixel. In the classication stage a translation invariant transformation can be applied to the feature image if translation invariance is desired. We have used the histogram of the features as a translation invariant classi cation feature. To incorporate the color or gray level information into the classi cation also the color/gray level histograms can be concatenated to the classi cation feature, as depicted in the Fig.3 . The full feature construction system in Fig.3 can be simpli ed, depending on the separating features of the target classes, as following Color/gray level : with color imaging the full color histogram is computed with the aid of the multilayer self-organizing map (see 7]). For gray level images, simple histogram is used.
Self-organized features/non-structural features : if the details separating the objects are not highly structural, the 'feature clustering' in Fig.3 can be omitted, so that each basic feature is accumulated separately in the shape histogram. Then the shape feature reverts to the energy passed through each of the Gabor lters. This decreases the computational complexity of the feature mapping considerably.
We made comprehensive tests with di erent feature combinations to nd the optimal trade o between the classi cation accuracy and computational load, considering the real time requirements in the production line grading system. Table 1 shows the recognition rates with di erent feature types. The test data consisted of over 400 samples from spruce boards imaged in laboratory environment and classi ed to the seven classes shown in Fig.1 . The classi er was the multilayer perceptron, MLP. The highest recognition rate is obtained by using color information together with the Gabor lter energies and the self-organized features. However, the use of only gray scale images and Gabor lter energies provides a recognition rate of about 84%, which is su cient in the current application. Thus the con guration of Gabor lter energies and gray level histogram data was selected to the Veneer Defect Analyzer described in the section 4. 
Veneer Defect Analyzer
In the following we give a short description of a veneer defect analyzer based on the principles outlined above. The system, called VDA-grading unit, has been manufactured by a Kajaani, Finland based company Mecano Group Ltd. The VDA-grading unit consists of the mechanical equipment for imaging the veneer sheets and the computer equipment for classifying the sheets and controlling the manipulators on the production line. The VDA-grading unit consists of a vacuum conveyor/measuring unit and a central unit. The central unit consists of operating station (PC 486) which is connected to a parallel computation unit carring out defect analysis and sheet grading. Parallel computation unit is implemented with a network of signal processors.
Operation of the system
The start-up period of the system consists of training the system according to the desired classes. A comprehensive collection of defect types are selected and run trough the production line. The classi er is then trained with the recorded samples. Vacuum conveyor/measuring unit is one assembly consisting of a conveyor that moves the sheets steadily under the line scan camera, an illumination unit and a measuring frame. In the assembly veneer sheets are inspected using black/white-line-scan camera at the maximum speed of 195m/min. The line-scan-camera is placed into a sealed enclosure at the top of the measuring frame. Pictures of sheets are grabbed at the resolution of 1mm 1mm. The imaging area is illuminated by uorescent lights enclosed in a temperature controlled housing for maintaining stable performance. The area is illuminated both over and under the production line to make the detection of open holes and cracks more reliable.
After the teaching period the Running Programs controlling the grading are built and stored in the analyzer station. The Running Programs contain the classi ers for knots and other defects, and also the actual grading rules. Rules deal for instance with the limits for dimensions and the number of allowed defect types, allowed deviations in sheet dimensions, highest accepted defects to be patched etc. The constructed Running Programs are stored in the analyzer and any of them can be activated to carry out the grading.
Defect detection and classi cation
The defect candidates are detected by gray level thresholding after median lter based noise reduction. The changes in illumination over the imaging area are compensated numerically, but large slow variations in the color of the wood surfaces make adaptive thresholding necessary for locating the defects from the background. Coarse classi cation of the defects is done on the basis of the histogram, so that open holes and cracks on the sides of the sheet are recognized from the light coming trough the sheet, while the other defects are sent to the Gabor-lter based classi er. In the defect classi er a 64 64 pixel sample from the defect location is extracted and ltered with the bank of Gabor lters to produce the main classi cation features. In the current installations the defects are classi ed with a k-NN classi er (with k = 5). Integration of the multilayer perceptron classi er is in progress, since the correct classi cation rate with the MLP was about 5 % higher than with k-NN in the laboratory experiments. The main task in incorporating the MLP classi er is the selection of training parameters and network con guration so that the training process is robust enough for the end-user product.
According to the grading rules the distribution of the surface defects determine the grade of the veneer sheet. In the current installations the sheets are sorted by their usability in making plywood, so that sheets with serious defects must go to the innermost layers of the plywood and surface layers must be of high quality. The grading system controls the sorting machine to drop each sheet to the correct slot, out of the six grade slots and the rejection slot. Exact performance gures of the grading system in the operational use are di cult to measure. With random tests it is estimated that the correct classi cation rate in the sheet classi cation is in the range of 85 % -90 %, comparing favorably to the performance of manual grading. In an installation with integrated patching machine each knot is in addition classi ed according to whether the knot should be cut o from the sheet and replaced by a patch. The patching robot is directly controlled by the coordinate information from the classi cation system. In the operational use it is estimated that the classi cation between the two classes (patched/not patched) exceeds 95 %.
